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BESBNENRRADE (AROREMRELHEENFIEE)
Frk 16 £ SEAMRRGE

IR ZN)F—=2avicB L7 PrPes SEOEKNEICHET 3ME

SHEMRE WA BE AUBERZRERREMFRFN 7)) 3 LR

mERE .
EERPLFORMOT) A o FHRICEALT. 2#EIEO7TR2XN)
F—yal itk b, EERNLRR2MOFMHANRERICRZ., BHE. 7VF
VBT AT O AN F—a iy ) I U RREEMORKILK E AN
A7 LTEBENTNBH, BHICER Uiz PP [ IRERFERETER
LTW3 kD, BR70eanN)F—2ay2EHT 22013, R
NA 2L LT, HARZ03DOTIRRIKFIA XDPhENWTVF
VAEERERATAIMNENH B LELLND, TIT. KHFRTE, TV
F VR I ADMHD SR FY A4 XONEW PrP* 2FBT B HEICD
W LIz RV A E—HERERT ORI SBRLUE prP™ 2
DLPC (detergent-lipid-protein complex) MU %E{To/z& T A, 20,000 X g
D@L EIEIZ 50 BIEED PP* HEE L HE0 (100,000 X g)
TIRTRTUE L. W2, 7V Ry AWIA»ELORE
DA 2 > REIEMH Sarkosyl {sodium N-lauryl sarcosinate) T7 V) Z ¥
EPE (pP) ZHHL. MiEEN3 PiP* OB LERAMERETILS
FTzo ZFOFER, 0.5 % Sarkosyl THIH L 2508 D 20,000 X g D
EIEC 20K 60 %D PIP* BEET ST L HHEA LR, iz BEL
BHEALEESTH. 05 % Sarkosyl 2TF 1 % Sarkosyl THiIH U7z 54
@ 100,000 X g DiFL_EFEICH 30 %D PrP* HETE Lz, ORI,
RORARAT VA C—HIARRBGEND 1 % Sarkosyl A IZ RO THL
BLIaWw PP* BTABREETIZLEREKLTE D, COESMTD
T2 F—2aOANA 7/ PrP* & UCHERTEERRI L 2R Y
BeEZOND,

A TEEE
EHXSOZORBICEALTHE DS
LhiWiHEo 7)) & o Hliargei 5
., VA COFEREERFMTEDL
Lickhah, BEFTRKFOLIRAE
BRI TVWiRNL, L L, EHETRE
TO7VF VRELEEZRDEZ 7O ELAN
NF—vavickh, EERCZORM

.99 -

HO7Y)Z o HER) X2 &I G
TARAZLHPEEETHD. HL, 7R
NYF—TalTid, 12537
FrOMRICKXDBERBERDII LT
HEhd, MCBEBELE7VFVIEKRE
2 PPF REREERT S0 BALA
EEEIANAZ UEEE. TEPTES
B L v ERICHREINWTLE D



MREMEPRFVWEEX NS, LrL, It
WHICEET 2704 V1%, MeEsko &
SRRER PP BERTII AR, &
B PP F VI —BERLTWELE
ZAbh3, VA 1 BT EERT 2
BNO PP* AV Iv—0Y 4 Zi3neE
FEHLPICR>TWERNWD, EE0B0
LFRECH 7V F UREEVBEETDI L
Do, RPBARRLTKREL RS E
EKRRro7nean)F—vayic
i CTOKDBRRTYA XDHEW PP*
FVIe—%2FRTIRENDHIZEEZ
5ND. I T, FWFETIE, PrP* M
HZLEENTWARD S, BEELKRT
HMBEBOTHER LR, BFYA X0
W PrP* B SRR T I HKRICOWTH
L7,

B. WAL

AP VA E—RLREERT IR 50
PrP* D¥EELIT Caughey & DA% (1991)
> TITolk. BHHE pP*0
detergent-lipid-protein complex ( DLPC) Al
HELTFOLIICER LUz, Thbb, 2
% Sarkosyl, 0.4 % phosphatidil choline, 150
mM NaCl, 50 mM Tris-HC1 {pH 7.5}1Z %5
B PP* % B ¥ L . Branson %t O
Contamination-Free Ultrasonic Pre-processing
System T 2 ROBFHELEE 5 Y12
NViT27=, ‘

R1ICXP VA E—Rge o 2 AL
5D Sarkosyl fHEO 70 —F v — b &
mU7%ze 10 %BREFAAFNIC Sarkosyl % mi
HE 05 %RCR2XIITMA, EEPL
B, 20,000 X g T 10 4 X% 100,000 X
g T IS 4EhLA, LEZEIIRLT 2
%5 L. —H % proteinase K (PK) (20
uwg/mL) ML=, PK LEBE, TF
—=NWV=RAF = NVEEWIX Y TV T
EOE (P) ZHEBMLE, BELTHEHS

NZMBEIT 1.0 % Sarkosyl Zi0Z., BE
WAL, FRICEOZTWV, E#I PR
ALEE, FERRIEIR D Sarkosyl HIH 217 - 7=,
Satkosyl T HiiX 4 % £ T 05 % 3
Sarkosyl DEE % FITTEEL =,

PiP* Ol >y 7w b

(WB) L bfrToi, t2HX2E
LAS-3000 lumino-image analyzer T B{ D A
H EEMITEITo =,

(fAEEA~ORR)

TN T G v 2T E R
FREEZMANBUMEREZESICT
ARSNLEEBRBH IR - TITR-
7o F&%ﬁ%ﬁ@ﬁﬂ@ﬁﬁniit?ﬁiﬁ
RFEREFERBRE 27N BSL2 Z251E
BRIZTITa o 7=,

C. IR

R PP OFEMLC L ALEBEER 2 I
7" L7z DLPC HRALE Tk 20,000 X gD
HBOICE DIFFTRTO PP* B
%D, DLPC S (2 % Sarkosyl) T &
D %9 50 %@ PrP* H% 20,000 X g DELE
BICEFELE. LAL, 100,000 X g D
BOTRIZEAED PrP* DB L=,

A7V A —RE~o ABMAF S
Sarkosyl Tt} L /= H4F D 20,000 X g i
GERICEENZMR PP (PK RULE)
& PrP™ (PKALEE) 2 LARRZR 3
WRLE. £, EHROERZ 3 N%EHE
L. IP BEZEELEZBREZHR1ITRL
=0 0.5 % Sarkosyl $ii tH 5 20,000 X g
BOEFIC, 2608 70 %O PP i
AL, 05 R 1.0 % Sarkosyl 3 HET2 D
mAEEDLEZ L, 240 90 %L LN
20,000 X g OELEFEICEE L. Eib
L#ED PP X PK UBE HBREINZ T
e, KIS PrP* THB, PIP* B
THELTHI2EDOH 90 %5 05 B
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1.0 % Sarkosyl il HEI4+ @ 20,000 X g &
O EIFICHFE Lz,

BGSEEE 100,000 X g IZER LR
BE2X4IZALE, EELEAWESS
&, 4 % Sarkosyl It EZ THILET D
PP DA D 50 &2, —H, 05
RU 10 MBS OEL EEIZEEL
2RO 20 ~ 10 %RTEED PP PEFL
7= LESO PP X PKIEHUETH BT
Ehs PP MEFHTWBR I IR
TER~, IP* BTHEBRLTS, 05 BT
1.0 %M ESO=EL EFICIE L2 2E
D 15 %IZED PP* DEET 2 L O
B L7z,

D. EE
TOERAN)F—=2arDRAINA 2
He LTHEEDORW PiP* BHERLE
HHBEWEEZ, M SERICIDERE
L7= PrP* % DLPC LT B 2T
PV A4 XD piP* 2845 Ll
FAl=hi, 100,000 X g OBLTIETART
W L=, REAEOAIEMBIL DA
BB EADERENZ L —HEE
Zohd, —4H. BELADS 05 ~ 1.0
% Sarkosyl THitH & h 2 2 W I X,
100,000 X g CTH L LARWH, PKIEHL
2 RS PrP* B2{EOHK 30 REFEEL
2o TOZ LI, TOSBEDGETIR A
A 2B E LUTHERARETHLII L ER
BLTWD. ZKIERTVAZAI LAY
—ZFHLTWVWE D, THhET
BioReliance fL 42 ¥ C¢HEiES hi-7 0L R
NYF—=2aORBATEINLRAY —
22V A4E— 263K BREFERLTWEZ
Ehe, SHENARY— 263K HERAN
TRBEOEFEITOILEDNH D, Ty
REBRTIE, TURARZ LA E—HLH
LI ER D, 263K BRRERMND & Sarkosyl
WX bHE D PrP* id 2 % Sarkosyl

TROEP >, Lid>T, BT
TVF OR%ICE D, FhThEERH
HEGEERETI2L8ELH S,

E. #&®
RUAAY LA E—HIEARBRRR O
FlD 0.5 ~ 1 % Sarkosyl i HiFE HHIZ I,
100,000 X g@mLEdH LBICEHE 3 PiP™
DI 30 REELE. COBRT 1%
Sarkosyl T HI¥rHIZ#EE O C LB L
KPP AL XDNEW PrP* B +oBRELE
THIEEEELTEBD, 7021
F—Yal ORBROBWRINA A
PrP* X LT, COEAIPHEMATETH
BLLETETEEOLEEILND,

F. ERERER

Biciz b,

B, BREMEETITVL R
L 7= 32BRiZ. BSL2 RERHERR I TIT 20N,
HERMIE 135 °C, 30 20X — b L —
THERIT & b ARG Uiz o BRI R
HNEBADOFEFREOH U2 & OB HEE
LW,

G. mRRER
1. EXBR
1) Kim, C-L, Umetani, A., Matsui, T,
Ishignro, N., Shinagawa, M., and
Horiuchi, M. "Antigenic characterization
of an abnormal isoform of prion protein
using a mnew diverse panel of
monoclonal antibodies." Virology
320(1): 40-51 (2004)
2) Kim, C-L., Karino, A, Ishiguro, N.,
Shinagawa, M., Sato, M., and Horiuchi,
M. "Cell-surface retention of PrE® by
anti-PrP antibody prevents
protease-resistant PrP formation." J.

Gen. Virol. 85(11): 3473-3482 (2004)
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3) Gombojav, A., Ishiguro, N., Horiuchi,
M., and Shinagawa, M. "Unique amino
acid polymorphisms of PrP genes in
Mongolian sheep breeds." J. Vet. Med.
Sci. 66(10): 12931295 (2004)

2. ZRER

1) €& F¥ >, BN EL "R
PrP JUKIC K B EERMMEL <NV TOD
PrP* EELE ISR OREIT. B2 M
BZ w1 W AF2 (21-23 Nov. 2004,
M)

2) WO B, S8 =%, WA 2L
"ALERRBRAER T3
PrP™ PEELEDHI SES2EBEERT AV
222 (21-23 Nov. 2004, 18 3%)

3) Horiuchi, M. "Inhibition of
protease-resistant prion protein (PrP)
formation by anti-PrP antibodies.," The
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College of Veterinary Medicine, The 6th
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Zoonosis Control (8 Jul. 2004, Sapporo,
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Disease Food and Drug Safety (31
Oct.- 2 Nov. 2004, Sendai, J apan)
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10%brain homogenate
Sarkosyl (final 0.5% )

C Vortex
Sonication

Centrifugation (20,000 X g or 100,000% g)
]

v ¥
sup ppt
v l 3 i‘—l.O%Sarkosyl
PR+ PR~ Vorlex
v v ( 3
5 mM Pefablock Somiallon
\ v Yy
Methano! : 2-Butanol = 1:5 Centrifugation
¥ ¥ v 3
Centrifugation sup ppt
v v l"_l.S %Sarkosyl
1 XSample buffer

M1 X7 L4 C—@ie~ o LA 5 OPrPS O

10% BHFLEN - Sarkosyl B BHIRBRE0.5 % IZ B X D IZHZ . BNFv 2 R, BERNEA3
P ZWAT 2718, 20,000 X gdh B1NE100,000X g T Lo BB 2ZES L. —A
PKALEE, fth 5 IZPKAMIENERY LT, SDS-PAGEFOY > 7N EBERI L. TRERIC1.0%
Sarkosylin PBSZHIX. TNF v & 2, BEFWMEEIY 1 2 VT2 %I, 20,000XgdH
2WNZ100,000X g Tl L7ss BUT. EIRROUIR#4.0%Sarkosyl F CEM L 7=,

DLPC(+) DLPC(-)
20K 100K 20K 100K

P S P S P S P S

kDa

X2 HRPrPSODLPCAEE R & P34 XD%(k
FSHPrPS % DLPCALEE & 32580 L7288 [DLPC(-) Jid, 20,000Xg (20K) ity ki
i Eh o i (L—1s5-8) o DLPCULIEE([DLPC(+) i, 20,000Xg (20K) @
ﬁ,u\ﬁ%a:ﬁ.f\)]ss%@m&b%# L7=h% (L—2:1,2) | 100,000X gD5ELyTITELE: L=
(l/"":/3, 4) o
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Sarkosyl (%)
05 10 1.5 2.0 2.5 30 35 40

PK:'*'--+—-i-—+_+_+._-+-_.1._ppI

&2 DYEEE OSarkosy I EI4> (020,000 X giiits LRIz T H58PP (PK-) LPrPS
(PK+) R UMze 8PP (B 2 WIPrPS) 12032 RMHES R OPP (H 5WiZPrps)
HNBOFEHHELSD (0=3) FHRUIRLE. 1.5~30%DHGUER1ET5 8, 0OSKT

LO%IX /SRR, 3.5RU4.0% LB O 2 ERIKEI L.

F1 20,000g X g DFOHIZ XS Sarkosyl i PrP* Ok

Sarkosyl (%)

PK(+)PrP/total PK{+)PrP

PK(-)PrP/total PK(-)PrP

0.5 0.62 + 0.05 0.74 £0.11
1.0 0.26 + 0.04 0.20 + 0.08
1.5 0.08 = 0.05 0.04 + 0.01
2.0 0.02 £ 0.01 0.02 % 0.01
2.5 0.01 £ 0.00 0.00 % 0.00
3.5 0.00 £ 0.00 0.00 % 0.00
4.0 0.00 %+ 0.00 0.00 £ 0.00

Relative ratio |:

Sarkosyl (%)

L) 1
05 10 15 20 25 30 35 40

PK: + — + — F ~ 4+ - + =

0.02

015 0.03 0.05

+ =+ -+ -

T

001 003 043

K4 SarkosyHiiH EI4H D100,000 X gigtly B - & £ 1 S PrPSDPKIETINE

& % DYEEE D Sarkosyl iy HIE4H D 100,000 X gty EEHIZELE T 2BPP (PK-) L PP
(PK+) 2R U%E. BPP (H 2 WIPPS) IZx T 2 ZHHESHROPP (H 5V IEPPS)
HNBEZETIER LR,
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FLEGBREMERAYE (RROREMEEIHEERTEE)
VHL 16 £ AEMAREE

RET7VZ Y OAE Y EORIFHEIC BT 5 HERTT 5

SEMRE Wik B EXEXREREENFN HEMEYR EEMRE

WMARER

BEEFHBZEERTEOREMERGE T80, FORMBIZEAT
2BENDHIEETVACEAE (PiP*) OMHMERTEETIETCO
PRrEHMOBBIEETN TN S,

RBEEMHO RERERVELOBETROREMTMEZHN L L,
PrP* ORINEORBICE T2 EIEM R L LT, BAE SR RN
MEZTV A EEE (PiP®) 2EET 2. AEEREBICENEER
Lzb M)A 752 b—<HIfatk T98G D'FIT % mRNA OFENT%
fT=7z. T98G iz, 7V A EAE (PrP) @ C Kk GPI 7 h
— T FNVEFIERIBUER TS 4 AERE PrP O mRNA 2B LT
Wiz, #F0A—72 1) =5 42771 —2A (ORF) OIEEEN»SHEE
EIND 1 X, PP 2ILEO 1 ~ 217 BEICH R 13 BEE N
L2330 BEDTFT I VEBHr6R D, PP & 9 %A ZE L TW:,

BT, RT54 AEUZEM L2V A AEERAICR R R ER
2445754 <%— (exon-exon junction primer) ZEFEL. A 754 R
ZEA PrP @ mRNA 2#H 3 % RT-PCR 2N L. REEZAWSZ
itk b, B MEESUDHROBZERESHFK total RNAHIZZATZ A4 R
ZEER PrP @ mRNA 2R L=,

D EDREED S, EfhdskoEERRMICN 32 HEMEIREREOH
HELUTPHP OARLTRATSA AERB PP HAVWEBEOREZRE
EAETEERTRTS A RERR PP OHFERAZBENE LT, PP
O CRFBRURTS 4 AEER PP O C K52 ZNFNTHT2E)
Z2a—F VR EER Uz,

SEFRICREHLEE POR TS5 4 ZAEER PP F - IC/ERLL 47
ATS5 A RERR PP £/ 7 0—FNVHASER, EXEETESICE
FTRRET) A CEEEOREFMOFEA~OHAIGHFTE S,

A WFEEW

L OV T RICBEREBESICL
S THELREREY aD, 7Y 4 EH
E&EEF (PRNP) IZa—F&hj= 253
BEO7IVRIIEEDHZEEE D
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B U PRNP ICEBRORBRWEHEE D »*
Hoh, £8 ~ 90 %E2EEM D »
HHTNE, iz, 1996 FIZHEHTH
EDBRSNLERE D . /KD
CID Lid®Eil b, BHEORET7VI &



BHE (PrP*) OELENAREVEET
5 LT Y ViHERBE (BSE) I
BIg 2 EEMELS, U PP* Dk b
~NOEEICX>TRETZEELILNT
Wa,

—7A. HEETEEIh I BRTHE
BEAERRSIRMEIRICOBEEDY
VHFIFRHEMAOWSNTWEHDODZ
s ZNEDREMERFET DO, K
MHICBAT2BENDH S PiP* O
HE R UELE TR TORERMT OB D
EEhTHwa, PIP" ZEHE 7V VE
BHE (PrFf) LRE—D7 IV BRNEE
L. EHESFEERAE DRI 2R
TZEDE, WERIZERMEEAOEA
PERBEICHEETA2ENTEUCRETIED
EEMICIRETIHMEEIIA TR
Wo

HHRTIE. REFRMHORERER
VHEZ2OSETROZ2MEME HV
L. PIiP* O ORRBICHK T 2 1R
R UT. BEHESHERNEIEME
TN VERE (PPe) 2EHT 5, %
REERERCIRNEERLEZE N
Z 72 A M—<Hllatk T98G HHEET 3
mRNA O E{T>7/=. ¥/, TCTT
#5N- mRNA IEEEFI»SH#EEH
ZRENRTVLFCEARE (PP) 252
T BT 20 —FNHKROER ZHA
=0

B. WAL
1. #parsa%

EMNTNVFTSZRA M-I HE
T98G 1Z T75 MBEERH 7 2 A2 T
FL. 1 HEBIC 1 BEOHRET -,
BHIBOERIZ 9 cm EBESAY Y
— LTI, 4 HZLIZIE R L

-
— 0
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2. RT-PCR

T98G il % F53& %%, DNase 1L L
7o total RNAZFHBL, R——2 7
)7 b I RNase HISEREREE (f > €
roYz oA t) EAWTT 7—
AMAPZ K DNAZEH L. B
EEUREL MESEHF 0l RNAK
HESRZ by s FawvForvoskls
#HhreMAL. BHRIZZ7—2 X b
Z Y F cDNA 2 L7, PCR I
PRNP { GenBank accession No.
AL133396) Mexon 2 IXI—RINT
WLPPA—7)—F 70—
A (ORF) @ mRNA %9 32575
75 4 <—&., KOD plus polymerase { 5
H#ihfEvk 4%t ) I3 Ex taq polymerase
(FAZ134 FTHAH) BHVCT

2/l

3. m7VFCEAEE/ 20—
HEEENS 7)) F—v OB

bt b PP OF I BREF] 218 ~ 230
BED C KT Cys 2MLEART
FRIZm —2LAIFRIA =
N—-bRox> 2234 3 F(MBS)
EREBRIELTYVMEZN TSI
(BSA) S ¥ aER
hPrP(218-230)-Cys-BCIP % 7 & L .
BALB/c ¥ O AERBFLEE, TOM
Mgl RIzo—-<HEPC LT
MEEEeZTV, BHAKRE LT
hPrP(218-230)-Cys-BCIP X1 fH#x % >
Y7V A L EBE (1BoPrP) EAHWE
ELISA THER EHEEA 2V —o L
2o Flay ATSZAREER PP OF
Bah3d7 3 BEY 214 ~ 230 BE
Y92 7F RiZ MBS % 2EH
ELTBAKEASI Y EaER
hPrPSV(214-230 }BSA #* # % L .
BALB/c RO X2 RBLEE. ZOM



M=o RIzo—<Hfg NS1 &
THREB&E2TV, BRAKRE LT
hPrPSV{(214-230)-O0VA X &
hPrP(214-230)-OVA % H\ /= ELISA T
EREBEEAD V- T L,

(EEAOER)

AMBOZRITICH D, 3 Ze ¥
J b B TR RICE T 5 s
&t EEXGRGE LRI A
HEEZESHE. AMHRASRLE
FEERVTRBYERICET 2158t
b R A

C. MIARKR
1. R754AERMTIVF YEHE
mRNA D HEB

PRNP »$2— F 3 % mRNA D FEBER
REFARD O, BEEHTTERL
7= T98G fZA HFEEI L /= total RNA
ZEE# L L, KOD plus polymerase % H
WT RT-PCR 217272,

13 ElOREMAEIZ 24 BRIESR L
T98G ST (P13D24) D 5 FA%L L 7= total
RNA TliZ. PRNP exon 2 D 434 ~ 961
WY T2 528 IREN (bp) DK
Z#E L7 (Fig 1a, lape 1)o —7A,
X510 40 HETRE L= TI8G il

(P13D40) 5B L /= total RNAT
iF. RODDOXDEV 296 bp DIV
F%&7R L% (Fig. la, lane 3)o 296 bp
OISy FESIVPLUIODHLTZEDIE
HEFIZFF LA, PIPO CK
¥ GPI 7y h—L Y FINVEMES
T 232 bp H8528 bp DAL S REL
TWwi= (Fig. 1. lower panel), RIFFIZ
AL = T98G Mg (P13D40) @
genominc DNA Z &% & U/z PCR Tl
528bp DN FEARL, 296bp &R L
HHRINIEE Lie o2 (Fig 1b,

- 107 -

(BB SWNEE

2

THOG colis (F16024) husnen ban

ey 1,4 = =
PRNP won 2, 11,433

e 25 e
PANP w06 2, 1,908
Ies 35, & e

PRNP axon2, 6471433

Fig. 1 Expression of splice variant of PrP mRNA in
TO8G cells.

{a) T98G cells were incubated afler repeated passages.
First strand-cDNA from total RNA (5 pg) were
prepared from T98G cells for 24 days after 13 passages
(P13D24, lanes 1-2), for 40 days after 13 passages
{P13D40, Lines 3-6). (b) T98G cells for 24 days after
18 passages (P18D24) were exposed 1o hypoxia & %
O, lanes 1-2) or normoxia (lanes 3-6} for the last 1
day. First strand-cDNA from total RNA (5 pg)} and
genomic DNA (2.5 ng) were prepared, followed by
PCR using human PrP primer set {odd lanes) and
B-actin primer set (even lanes) with KOD Plus

polymerase.

lane 5)o BLEOHERD S, HREEZEH
DI REIRER U2 T98G MilaT
i, PRNP exon 2D X754 AZEHE
RNA 2B T L BFREEN=,
WIZ AEEEREEE T CRE 2 L7 T98G
MDA FEIRT 2 mRNA O E1T-
7zo 18 M OMARBIBEEOBRKEE
TF (normoxia) T 24 BHREEE L /= T98G
ik (P18D24) % & FABRL L /= total RNA
Cld. PRNP exon 2 @D 434 ~ 961 {24
gD 528 bp DSV KEBHBLE
(Fig. 1b. lane 3), —J5. AHEOER
BETT 23 QHERE., EKBREEE
T (5% 0:; hypoxia) T 1 HREEH L
7= T98G Hifar 5B L7z total RNA
TiZ. P13D40 ¥ [FEHRIT 296 bp DI
F&mRL7Z&(Fig 1b, lane 1; Fig. 1.
lower panel), RIRFICFASIL 7= T98G i
2 (P18D24) @ genominc DNA % §5%!
¥ L7= PCR Tl 528 bp D/S» K&K



U, 296 bp & A UIEEEF)iIZHEAE LR
o= (Fig. 1b, lane 5),

2. TIUVUEABNCRENRTS
A4 ¥ — (exon-exon junction primer)
BHWERTZSARERRITVZ Y
FH B HE mRNA OB
RATZ74 RAZEER PP @ mRNA %

BHTHCEEBHEL, mI2V

BMACRENCHATR 7S v —
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Fig, 2 Detection of splice variant of PrP mRNA

using exom-exon junctiom primers.
(a} T98G cells were incubated for 24 days after 18
passages (P18D24). First strand-cDNA from tota]l RNA
(5 pg) and genomic DNA (2.5 ng) were prepared,
followed by PCR using FRNF exon 2 primer set (122
and 1,433-1,411; lanes 1 and 4) and 24-nucleotide
exon-exon junction primers {lanes 2-3 and 5-6 ) with
Ex taq polymerase. (b} First sirand-cDNA from adult
human brain total RNA and human fetal brain total
RNA (5 ug each; BD Biosciences, Palo Alto, CA,
USA) were prepared, followed by PCR using the PRNP
exon 2 primer set (lanes 1 and 4) and the exon-exon
junction primers (lanes 2-3 and 5-6) with Ex taq
polymerase. {c} First strand-cDNA from adult human
total RNA panel (5 pg each; BD) Biosciences, Palo Alto,
CA, USA) were prepared, followed by PCR using the
PRNP exon 2 primer set (Panel A), the exon-exon
junction primers (Panel B), and p-actin (Panel C) with
Ex taq polymerase.
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Fig. 3 Schematic representation of alternative
splicing model of PRNP exon 2 (1-1,433)
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Fig. 4 Binding of antibodies to coating antigen in
ELISA.

{a) Various concentraion of anti-hPrP €18 230 )
antibody (HPC 678) were incubated with hPrP
(218-230)-Cys-BCIP (@) or rBoPrP (O} as coating
antigen. (b) Various concentration of
anti-hPrPSV{214-230) antibody (HPSV 76) were
incubated with hPrPSV {214-230)}0VA (@) or hPrP
(214-230)-OVA (O) as coating antigen.
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Abstract

We established a panel of monoclonal antibodies (mAbs) against prien protein (PrP) by immunizing PrP gene-ablated mice with the
pathogenic isoform of prion protein (PrPS°} or recombinant pricn protein (tPrP). The mAbs could be divided into at least 10 groups by
fine epitope analyses using mutant rPrPs and pepspot analysis. Seven linear epitopes, lying within residues 56-90, 119-127, 137-143,
143149, 147-151, 163-169, and 219-229, were defined by seven groups of mAbs, although the remaining three groups of mAbs
recognized discontinuous epitopes. We attempted to examine whether any of these epitopes are located on the accessible surface of
PrP, However, no mAbs reacted with protease-treated PrP>° purified from scrapie-affected mice, even when PrP5° was dispersed into a
detergent—lipid protein complex, to reduce the size of PrP>° aggregates. In contrast, denaturation of PrP® by guanidine hydrochloride
efficiently exposed all of the epitopes. This suggests that any epitope recognized by this panel of mAbs is buried within the PrPS°
aggrepates. Altematively, if the corresponding region(s) are on the surface of PrP%¢, the region(s) may be folded into conformations to
which the mAbs cannot bind. The reactivity of a panel of mAb also showed that the state of PrPS° agprepation influenced the
denaturation process, and the sensitivity to denaturation appeared to vary between epitopes. Our results demonstrate that this new panel
of well-characterized mAbs will be valuable for studying the biochemistry and biophysics of PP molecules as well as for the immuno-

diagnosis of prion diseases,
© 2004 Elsevier Inc. All rights reserved.

Keywords: Scrapie; Prion; BSE; Monoclonal entibody; Epitope mapping

Introduction

Transmissible spongiform encephalopathies (TSEs), so-
called prion diseases, are fatal neurodegenerative diseases
including scrapie in sheep and goats, bovine spongiform
encephalopathy, and Creutzfeldt—Jakob disease (CID) in
humans (Prusiner, 1991). The causative agent, prion, is
thought to be composed solely, if not entirely, of a
pathogenic isoform of the prion protein (PrP%%), PrP* is
generated from a host-encoded cellular prion protein (PrP%)

* Corresponding author. Laboratory of Prion Diseases, Graduate
School of Veterinary Medicine, Hokkaido University, Kita 18, Nishi 9,
Kita, Sapporo 060-0818, Japan. Fax: +81-11-706-5293.

E-mail address: horiuchi@vetmed.hokudai.ac jp (M. Horiuchi).

! Present address: Prio Disease Research Center, National Institute of
Animal Health, Kannondai, Tsukuba, Ibaragi, 305-0856, Japan.

0042-6822/% - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/.virol.2003.10.026

by certain post-translational modifications including a
conformational transformation. Although the two PrP iso-
forms share the same primary structure (Hope et al., 1986),
PrP®° is distinguished from PrP® by biochemical and
biophysical properties such as high [(3-sheet content (Pan
et al., 1993; Safar et al,, 1993), partial resistance to
protease digestion, and insolubility in nonicnic detergent
{Meyer et al., 1986). The conformational transformation
from PrP€ to PrPS° requires preexisting PrP° as a template
and is thought to be a central event in PrP> formation and
prion replication. However, the molecular mechanism of
the conformational transformation remains unclear. To
elucidate the mechanism, structural information from two
PrP isoforms is needed. At this time, the NMR structure of
a recombinant PrP resembling PrP© has been determined
(Riek et al., 1996), whereas the structure of PrP*® is not yet
known.
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A diverse panel of anti-PrP mAbs is invaluable for
analyzing the difference between PrP€ and PrPS°, as well
as for the biochemical and structural analysis of PrP
molecules. To date, many monoclonal antibodies (mAbs)
against PrP have been generated by immunizing with PrP5°
purified from scrapie-affected animals (Barry and Prusiner,
1986; Kascsak et al., 1987; Williamson et al., 1996),
recombinant PrP (Zanusso et al., 1998), synthetic PrP
peptides (Harmeyer et al., 1998; Horiuchi et al., 1995;
O’Rourke et al., 1998), or a PrP expression plasmid (Kra-
semann et al., 1996). Most of the anti-PrP antibodies
developed so far react with linear or discontinuous epitopes
on PrP€ and recombinant PrP molecules, as well as with
PrP* treated with denaturant. These types of anti-PrP anti-
bodies are now widely used for the immuno-detection of
PrP°. Because these antibodies themselves cannot distin-
guish the two PrP isoforms when the molecules are treated
with denaturant, proteolytic removal of PrP® before
immuno-staining is essential for the detection of PrP% by
immunoblotting or enzyme-linked Immunosorbent assay
(ELISA). One mAb, designated 15B3, generated by immu-
nizing PrP gene-deficient mice with recombinant bovine
PrP, was reported to recognize a PrP**-specific conforma-
tional epitope consisting of two PrP molecules (Korth et al.,
1997). However, further characterization of this mAb has
not been published. Recent reports also describe mAbs that
appear to recognize discontinuous epitopes on PrP€ but do
not appear to react with PrP> (Yokoyama et al., 2001).

Further PrP%*- and PrP-specific antibodies, as well as
additional characterized antibodies to PrP molecules, will

A,
Elution (pH)
1B 4943 40
kDa . . '
39- U |
18-
_—

1 2 3 4 5 6

help to elucidate the structure—function relationships of PP,
structural differences between PrPC and PrPS':, and mecha-
nisms of conformational transformation. In addition, new
antibodies showing higher reactivity and specificity than
those currently available would help to improve the sensi-
tivity of PrP5° detection. Although a large number of anti-
bodies against PrP have been generated, it is possible that
undefined epitopes still exist. In this study, we established a
panel of mAbs that covers diverse epitopes on the mouse
PrP molecules by immunizing PrP~/~ mice with either
recombinant mouse PrP or PrP® purified from scrapie-
affected mouse brains. The mAbs could be at least divided
into 10 groups based on fine epitope mapping. Finally, we
discuss how this panel of well-characterized mAbs will be
useful for analyzing the molecular properties of PrP as welt
as for diagnostic purposes.

Results
Production of monoclonal antibodies against PrP molecules

For the immunization of PtP gene-ablated mice, we
prepared tMoPrP as well as PrP%° from brains of scrapie-
affected mice. Fig. 1 shows the purity of tMoPrP and PrP%°.
rMoPrP23—-23] expressed by pRSETB in E. coli formed
inclusion bodies (Fig. 1A). The rMoPrP23-231 recovered
from inclusion bodies was dissolved with 6 M GdnHC), and
further purified with Ni?*-charged IMAC. After dialysis,
tMoPrP possessing an intramolecular disulfide bond was

B. C.
DTT PK
Tt —
kDa kKDa
: 49.6-
3L g
j 35.0- Rl .
29_“__; 27.8- W .
r ' T
; : 20.2-
9-:

Fig. 1. Purity of tPrP and PrP. (A) Purification of (PP from bacterial lysates. Whole lysates of £, coli transformed with pRSETB (lane 1) and pRSETB/
MoPrP23-231 (lane 2) afier induction with IPTG for 2 h, Inclusion bodies were prepared from whole bacterial lysates (lane 3) for partial purification of rPrP,
Inclusion bodies were dissolved in 6 M GdnHCI and applied to Ni? *-charged IMAC. The 1PtP was eluted with a stepwise pH gradient (lanes 4~6), and rPrP
eluted at pH 4.3 was dialyzed against acetate buffer to remove GdnHC). (B) Formation of intramolecular disulfide bonds. After the dialysis, rPrP possessing an
intramolecular disulfide bond was collected by reverse-phase HPLC. DTT +and — indicates purified tPrP dissolved with sample buffer with and without 100
mM DTT. {A and B) Coomassie blue staining, (C) Purity of PrP*° fraction from scrapie-affected mouse brains. The PrP® fraction treated (+) and untreated ( ~)
with PK was visualized by sliver staining and the purity was estimated by densitometric analysis by using Atte Densitograph (Atto Co. Ltd.). Motecular mass

markers are in kilodaltons (kDa).
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collected by reverse-phase HPLC (Fig. 1B). The MoPrP*°
prepared from brains of scrapie-affected mice was estimated
to be >70% pure even without PK treatment (Fig. 1C), and a
bioassay reveated that this fraction was estimated to contain
more than10!! LDsy/mg from our dose—incubation time
standard curve for Obihiro strain (data not shown). These
PrP fractions were used for immunization of PrP gene-
ablated mice, and splenocytes from immunized mice were
fused with myeloma cells. Hybridomas positive for both
tMoPrP and MoPrP%, or those positive either for ’IMoPtP or
MoPrP®¢, were selected. Finally, we established 4, 10, and
15 hybridomas using rMoPrP23—-231, rtMoPrP89-231 or
MoPrP%¢, respectively, as the immunogen (Table 1).

Epitope analyses

To determine the epitopes recognized by the mAbs, we
first examined their reactivity to various mutant rPrPs by
ELISA. Based on their reactivity, the mAbs were divided
into seven groups (Table 1). The mAbs in group I did not
react with tMoPrP lacking the N-terminal region, indicating
that their epitopes are located in residues 23—89. Group 1I
mADbs reacted with all 'MoPrPs except for rMoPIP155-231,
indicating that they recognize the regions between residues
89 and 155. Group III consists of mAb 43C5, which reacted
with all rMoPrPs, suggesting that its epitope is located
between residues 155 and 167. The mAbs in group IV did
not react with mutants lacking the C-terminus but reacted
with other mutants, indicating that they recognize the
epitopes on the C-terminal part of PrP molecule. The mAbs
in group V reacted with rMoPrP155-231 but not with
MoPrP23-214. In addition, these mAbs did not react with
point mutants rHaPrPC179A and rHaPrPC214A in which
the cysteines at residues 179 and 214, respectively, were
replaced with alanine. The mAbs reacted equally with

Table 1

Grouping of mAbs based on the reactivity to 1PrP deletion and point mutants

rMoPrP23-231 and rHaPrP23~231 (data not shown), indi-
cating amino acid differences between Mo and HaPrP did
not influence the reactivity. These facts suggest that mAbs
in groups V recognize discontinuous epitopes, including the
region within residues 155-231, and that the epitopes are
dependent on the intramolecular disulfide bond in the PrP
molecule. The mAbs in group VI reacted with tMoPrP89-
231, but neither reacted with tMoPrP155-231 nor point
mutants of rHaPrP, suggesting that the epitope for these
mAbs include the region within residues 89—-231 and also
are dependent on the intramolecular disulfide bond. The
reactivity of mAb 72 (group VII) was difficult to figure out
the epitope. It reacted with tMoPrP89-231 and 23-167,
suggesting that the epitope is located within residues §9—
167. However, the mADb did not react with tMoPrP23-214,
rHaPrPC179A, or rHaPrPC214A, but reacted with
tHaPrP23-231, again suggesting that the epitope depends
on the presence of the intramolecular disulfide bond.
Further precise epitope mapping was carried out by
pepspots analysis (Fig. 2). The reactivity of the group I
mAbs revealed that they recognize a portion of octa-peptide
repeat in N-terminus, although there is some difference in
the amino acid sequence recognized by these mAbs. Based
on the reactivity (Fig. 2A), the epitope for mAb & was
WGQPHG at aa 5661, 64—69, 72-77, and 80-85. mAbs
110 and 37 reacted with peptides 16—19 and 28-31,
indicating that the recognized sequence is PHGGGWG at
aa 59-65 and 83-89 (Fig. 2B). mAbs 40, 106, and 162
showed broad reactivity to peptides ranging from 13 to 33
(Fig. 2C). The reaction to peptides including 17 to 19 and
29 to 33 the most intense, suggesting that the major
recognition sequence for these mAbs is PHGGGWGQ at
aa 59-66 and 83-90, although the minimum required
sequence appears to be WGQ. The group II mAb 132
reacted with peptides from 47 to 49, which share residues

Group mAb® (Tsotype®) IPrP used as antigen®

tMoPrP23-167 MoPrP23-214

MoPrP89-231 1MoPrP155-231 rHaPrPC179A tHaPrPC214A

b

8(2bY, 37(2b), 40(2b), + +
106(2b), 110(2b), 162(2a)

13(2b), 32(2a), 11B(2b), + +
132(G1), 149(2b), 31C6(G1)

43C5(G1) + +
39(2b), 147(2b) - -
66{G1), 31B1{G1), 31BS(G1),
42B4(G1), 42D2(G1), 42D6(G1),
44A2(G1), 44A5(G1), 44B1(2a),
44B5(G1)

VI 23D9(G1), 42D3(G1), 44BUGl) — -
VI 72(Gl) + -

=

<ZEB

- - + +
+ - + +
+ + + +
+ + + +
+ + -

+ —_— — -—
+ — — -

& MAbs named only with numbers were obtained by using MoPrP™ as the immunogen, others named with a combination of numbers and letters were obtained
using rtMoPrP as the immunogen Among the latter, mAbs starting with 23 or 31, and 42, 43 or 44 were obtained by immunization with iMoPrP23-231 and

™MoPrP89-231, respectively.
b 31, IgG1; 2a, [gG2a; 2b, [2G2b.
¢ Examined by ELISA.
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Fig. 2. Pepspot analysis. Bars on the right sides indicate lines of peptide spots. The first through fourth lines contain 20 spots per line, while fifth line contains
19 spots. (A} mAb 3 (group I); (B) mAb 110 (group I); (C) mAb 162 (group I); (D) mAb 132; (group Ila); (E) mAb 118 (group I1k); (F) mAb 31C6 (group Ilc);
(G) mAb 32 (group 1Id); (F1) mAb 43C5 (group I); (I} mAb 147 (group IV), (7) mAb 72 (group VII); (K) mAb P1-284 (anti-parvovirus mAb, negative

control).

119-127, AVVGGLGGY (Fig. 2D). mAbs 13 and 118
(group II) reacted with peptides from 55 to 58, which
contain the fragment corresponding to residues 137-143,
MIHFGND (Fig. 2E). The mAb 31Cé (group II) reacted
with peptides from 58 to 61, which share in common
residues 143-14%, DWEDRYY (Fig. 2F). mAbs 32 and
149 (group IT) reacted with five peptides from 59 to 63 that
share a common sequence RYYRE, residues 147-151 (Fig.
2G). The mAb 43C3 (group III) reacted with 10 continuous
spots but intense reactivity was observed to four peptides
from 68 to 71, which contain the fragment corresponding to
residues 163-169, RPVDQYS (Fig. 2H). This result is
consistent with the epitope analysis of mutant recombinant
PrPs. mAbs 39 and 147 (group I'V) reacted with peptides 98
and 99, which correspond to the extreme C-terminus of PrP
molecules, residues 219-229, KESQAYYDGRR (Fig. 2I).
The mAbs in groups I-1V reacted with rHaPrPC179A and
tHaPrPC214A in the ELISA (Table 1) and PrP> in immu-
noblot analysis (Fig. 3), indicating that these mAbs recog-
nize linear epitopes. mAb 72 appeared to recognize
discontinuous epitope based on the reactivity to mutant
PP (Table 1), although the mAb reacted with peptides
60 and 61, which share residues 143-153 (Fig. 2J}.

Based on the fine epitope mapping by pepspot analysis,
the mAbs in group II of Table 1 can be separated into four
groups, designated Ila—IId. Together, the mAbs produced in
this study can be divided into at least 10 groups; 7 that
recognize linear epitopes, and 3 that recognize discontinu-
ous epitopes (Table 2).

Species specificity of mAbs
We next examined the specificity of the mAbs by ELISA

using species-specific versions of tMoPrP, rHaPrF, rShPF,
and rBoPrP. Most of the mAbs reacted with the rPrP from

all four species (hamster, bavine, mouse and ovine), while
the following mAbs showed obvious species-specific reac-
tivity: mAbs 13 and 118 in group IIb, mAbs 39 and 147 in
group IV, and mAb 66 reacted to Mo and HaPrP, while
mAbs 42D2 and 44BS5 showed intense reaction to Mo and
HaPrP, moderate reaction to ShPrP but no reaction to BoPrP
(data not shown).

Fig. 3 shows the reactivity to MoPrP®, ovine PrP°
(ShPrP*°), and bovine PrPS° (BoPrP%) in immunoblot anal-
ysis. mAbs 110, 132, 118, 31C6, 32, 43C5, and 147, which
recognize linear epitopes, reacted with PrPS¢ prepared from
brains of the disease-affected animals. Surprisingly, mAbs
44B1 and 72, which appeared to recognize discontinuous
epitopes, showed an intense reaction to PrP>° in immuno-
blotting. The species-specific reactivities of mAbs 132, 118,
32, 43C5, 147, 44B1, and 72 are consistent with the results
from ELISA; mAbs 118 and 147 only reacted with MoPrPS°
while other mAbs reacted with PrP° from the other three
species. In contrast to the results from ELISA, mAb 31C6
only reacted with MoPrP%® and mAb 110 reacted with Mo
and ShPrP®® but not with BoPrP*® in immunoblot analysis.

Reactivity of panel mAbs to purified PrP*

To determine whether any of the antibody-reactive epit-
opes are exposed in the infectivity-associated PrP®¢, we
examined the reactivity of mAbs to purified MoPrP% by
ELISA. A set of three PrP° preparations, PK-untreated and
non-denatured, PK-treated and non-denatured, and PK-trea-
ted and denatured, was used for each mAb (Fig. 4). All the
mAbs reacted with PK-untreated non-denatured PrP°, al-
though the reactivity was lost when PrPS¢ was treated with
PK. However, the mAbs regained reactivity when the PK-
treated PrP> was denatured with GdnHCL. These results
suggest that the inability of the antibodies to react to PK-



